The conduct of monetary policy during the 1970s was greatly complicated by systematic realtime misperceptions of the state of economic activity as measured by the output gap. Employing real-time data and using the Taylor rule as an analytical framework, I explore the implications of utilizing alternative observable proxies for the unobservable output gap. I compare the counterfactual paths for the federal funds rate generated under each proxy with the actual path of the federal funds rate and a benchmark ( "ideal" ) path implied by a full information Taylor rule. Results suggest that these real-time proxies would have resulted in better policy outcomes than actually occurred. Indeed, the federal funds rate path that comes closest to the ideal path occurs when the estimate of the output gap is taken to be zero (its steady-state value) at every point in time. This is equivalent to ignoring output gap information in monetary policy decisions.
I. INTRODUCTION
There seems to be near unanimity in the belief that U.S. monetary policy failed during the 1970s. Justification for such a belief is confirmed by comparing the performance of key measures of aggregate economic activity during that decade with their performance during a more recent decade in which monetary policy has been broadly judged to be quite successful. Table 1 reports such summary statistics comparing the decade before the appointment of Paul Volcker as chairman of the Board of Governors of the Federal Reserve System (Fed), 1969 (Fed), :3-1979 :2, with the first decade of Alan Greenspan's chairmanship, 1987 Greenspan's chairmanship, :3-1997 :2. The first column reveals the significant difference in the behavior of inflation (measured using the GDP Deflator). During the 1970s the mean rate of inflation was much higher and inflation was much more variable than during the latter period. There was also much greater variation in output (real GDP) growth during the 1970s with little difference in the average rate of growth. Furthermore, the absolute value of the output gap as a percentage (estimated by the Congressional Budget Office (CBO)) was much larger on average and characterized by much more variation while the average unemployment rate was essentially the same over the two decades but much more variable during the 1970s that during the Greenspan decade. These observations support the view that the 1970s was an economically troubled time and admit the possibility that monetary policy may have failed in some important way.
Several studies have investigated the role of monetary policy as a partial explanation for poor economic performance during the 1970s. Two principle explanations seem to dominate. The first, supported by Judd and Rudebusch (1998) , Taylor (1999b) , Clarida, Gali, and Gertler (2000) , and Mehra (2002) , is that the Federal Reserve was insufficiently responsive to inflation during that decade. Consequently, policies were pursued that failed to resist inflationary pressure. The second explanation, argued principally by Orphanides in a sequence of influential papers, 1 is that the Fed did respond sufficiently to inflation but systematically misperceived the state of the economy.
2 Real-time perceptions of the output gap that turned out to be too pessimistic led policymakers to pursue a policy that, in retrospect, accommodated inflation. It is interesting to note that these different conclusions have been arrived at using the Taylor rule 3 as a common analytical framework but employing different data concepts. Except for Mehra (2002) , the first group of studies uses data that have undergone historical revision that could not have been anticipated by policymakers in real time. Orphanides contends that using such revised data can lead to distorted empirical conclusions. He has argued convincingly that analysis of historical policy behavior requires the use of real-time data that were actually available to policymakers at the time policy choices were made.
Without taking a direct stand against either of these explanations, 4 this paper also uses the Taylor rule framework and real-time data to ask whether the Fed could have done better during the 1970s. I start with the proposition that the Taylor rule produces generally good monetary policy outcomes when the policy authorities correctly perceive the state of the economy; i.e., 1 A useful selection of these papers would include Orphanides (2000 Orphanides ( , 2002a Orphanides ( , 2002b . 2 Perez (2001) also finds evidence that the Fed responded significantly to (expected) inflation. However, his explanation for the failure of monetary policy during the 1970s differs from that of Orphanides though they both use real-time data. 3 According to the Taylor rule, proposed by Taylor (1993) , the monetary authority changes its target short-term interest rate in response to movements in the rate of inflation and the output gap. Specifics are presented in the next section. 4 Mehra's (2002) results suggest that both explanations are important in understanding the failure of monetary policy during the 1970s. under full information about the output gap. Justification for this claim will be offered below. However, even if the full information implementation of the Taylor rule yields desirable outcomes, that rule is likely to fail when the output gap is severely misperceived. Such misperceptions are, almost surely, at least a part of the explanation for the failure of monetary policy during the 1970s. In this paper, I consider if, relying only on information that was available at the time, we can identify real-time proxies for the unobserved output gap that would have been better guides for policy during that decade. The evidence indicates very clearly that we can. Indeed, the findings reported below suggest that monetary policy would have been much better if policymakers had followed a Taylor rule and taken the output gap to be zero (its steady-state value) at every point in time. This does not reflect the inadequacy of the Taylor rule as a guide to policy but rather the profound inadequacy of real-time measures of the output gap over this period. The purpose of this paper is not to ascertain the policy rule actually followed by the Fed during the 1970s. Consequently, I eschew estimation of policy rules. Instead, I am interested in the counterfactual path of the federal funds rate under an array of alternative real-time implementations of a standard Taylor rule.
The next section briefly reviews the standard Taylor rule framework and discusses the difficulties that arise in implementing it when the output gap is misperceived. Section III introduces four alternative monetary policy rules that address the problem of uncertainty regarding the size of the output gap and therefore hold the possibility that policy can be improved under such uncertainty. In Section IV, these proposed rules are used to generate counterfactual outcomes for the federal funds rate over the 1970s. These are compared with actual outcomes and with outcomes from a benchmark Taylor rule. The final section summarizes and offers some conclusions. Taylor (1993) proffers a relatively simple rule that he argues broadly captures monetary policy behavior in the U.S. during [1987] [1988] [1989] [1990] [1991] [1992] , the early years of the Greenspan era at the Federal Reserve. According to the Taylor rule, the Fed adjusts the federal funds rate in response to changes in inflation relative to a chosen target inflation rate and in response to changes in the output gap. Taylor's seminal paper has had a pervasive influence. Many academic economists and central bankers, in the U.S. and elsewhere, have since come to think of monetary policy in relation to Taylor rules. While Taylor's original specification focused on 1987 -1992 , many studies, including Taylor (1999b Taylor (1993 Taylor ( , 1999b is the average over the current and three previous quarters. One of the analytical attractions of the Taylor rule is its simplicity. Nevertheless, Taylor neither suggests nor believes that this rule reflects the actual process by which the Fed conducts monetary policy. It is intended as a simple but useful approximation to the much more complicated actual approach followed by policymakers. Taylor (1993 Taylor ( , 1999b suggests the following parameterization: r * = 2.0, π * = 2.0, β = 1.5, 0.5 γ =
II. THE TAYLOR RULE FRAMEWORK
. 5 There are two reasons for this choice. First it provides a reasonably good description of Federal Reserve behavior over [1987] [1988] [1989] [1990] [1991] [1992] , a period of good macroeconomic performance. Secondly, it seems to generate good outcomes in terms of inflation and output stability on the basis of simulations across a variety of econometric models.
An important property of this parameterization is incorporation of the so-called "Taylor principle" which requires that β > 1.0. This property assures that the nominal interest rate increases more than one-for-one with an increase in inflation thus implying that the response to an increase in inflation is an increase in the real rate of interest. A policy rule that violates the Taylor principle is likely to accommodate inflation. Indeed, the argument made by Judd and Rudebusch (1998) , Taylor (1999b) , Clarida, Gali, and Gertler (2000) , and Mehra (2002) is that the failure of monetary policy in the 1970s was a failure to adhere to the Taylor principle.
Taylor draws his conclusions about the usefulness of this particular specification based on evaluations using revised data, thus, implicitly assuming that the difference between real-time and revised data is inconsequential. Policymakers must, of course, rely on data available at the time they are called upon to make policy decisions and such real-time data may, in fact, be quite different from revised data available years after the fact. Runkle (1998) has demonstrated that official data revisions of measures of inflation and real output growth can be substantial after a period of time. Consequently, using revised data unavailable to policymakers to evaluate their historical policy decisions is potentially quite misleading. In several papers, Orphanides (2001 Orphanides ( , 2002a Orphanides ( , 2003 has confirmed that while using revised estimates of inflation and output can be somewhat misleading, a much more important problem is the real-time misperception of potential output and, thus, the output gap. In particular, his studies have shown that real-time estimates of the output gap may be subject to considerable systematic error for long periods of time.
So, a major obstacle to conducting policy in real time is that the true output gap is unobserved and difficult to measure with any precision contemporaneously, potentially leading to substantial policy mistakes. Indeed, there is, by now, wide agreement that during the 1970s, the output gap was systematically misperceived, a consequence of the failure to recognize the productivity slowdown until much later. 6 This is illustrated in Figure 1 which plots two real-time output gap series along with a revised estimate of the output gap for the period 1969: :2, the period of purported policy failure. The revised output gap is given by the Congressional Budget Office (CBO) estimates as of 2003. 7 The first real-time output gap measure is that used by Orphanides (2002b Orphanides ( , 2003 . 8 This series is based on estimates of the output gap reported by the Council of Economic Advisors over this period and so I refer to it as the CEA real-time gap. The second real-time output gap measure is obtained by estimating one-sided linear trends using realtime data.
9 The real-time output data are obtained from the compilation reported in Croushore and Stark (2001) . For each quarter in the interval, I estimate a linear trend from 1953:1 to that quarter using real-time output data available in that quarter. The output gap for the quarter is the end-of-sample residual from that linear time trend regression. Thus, to compute the complete linear trend output gap series, I estimate 40 time trend regressions over the decade under review.
An alternative approach to estimating the real-time output gap is to estimate a HodrickPrescott (HP) filter. Indeed, this approach has been taken by Taylor (1999b) and Perez (2001) to estimate output gaps over the 1970s.
10 A potential problem with this approach is that it is unlikely to approximate the approach taken by policy authorities during the 1970s since the original working paper by Hodrick and Prescott did not begin circulating until 1981.
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Consequently, it seems more realistic to assume that a deterministic linear time trend model is a better approximation to actual real-time estimates of potential output during the 1970s Figure 1 shows that both real-time output gap estimates are generally below the revised CBO estimate of the output gap although the CEA gap is always lower than the gap generated from linear trends. Indeed, the CEA gap is negative over the entire decade. Consequently, using either of these series and following a Taylor rule in real time would have generated a policy that produced federal fund rates that were too low when compared to outcomes based on revised data. For example, in 1975, the CEA real-time estimate of the output gap reached about -16 percent while the revised estimate of the output gap is only -4 percent. Consequently, using this estimate of the output gap and following the parameterized Taylor rule in real time during 1975 would have resulted in setting the federal funds rate about six percentage points too low, a rather large mistake. The outcome for the linear trend gap is somewhat better but still systematically biased. In 1975, this estimate of the gap would have led to a target federal funds rate that was about 2.5 percentage points too low relative to the value obtained using the revised estimate of the output gap. It is also troubling to note that even the sign of these real-time output gap measures is "wrong" over much of this period, especially for the CEA estimate.
In this paper, I examine four simple approaches to addressing this problem of failure to observe the output gap in real time. Each involves replacing the true value of the output gap, y t , 6 The productivity slowdown that began in the early 1970s has been widely investigated. See, for example, "Symposium: The Slowdown in Productivity Growth," Journal of Economic Perspectives, vol. 2, Fall 1988, 3-98. 7 The CBO reports potential estimates potential output at an annual frequency. I obtain quarterly estimates by loglinear interpolation.
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I am grateful to Athanasios Orphanides for generously sharing these data with me. 9 This is the approach taken by Mehra (2002) . Taylor (1993) also estimates a linear time trend to obtain the output gap; however, he uses a single two-sided trend based on revised (1993) data. 10 Taylor (1999b) uses revised data to estimate a two-sided filter while Perez (2001) estimates a sequence of onesided HP filters using real-time data. 11 The paper has since been published: Hodrick and Prescott (1997) . 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 CBO ( with a noisy proxy available in real time. I introduce these proxies in the next section and explore the impact each might have had during the 1970s in Section IV.
III. REAL-TIME MONETARY POLICY RULES
For purposes of evaluation, I maintain the working assumption that the Taylor parameterization of equation (1) represents a useful policy benchmark if it is implemented with ideal data. These ideal data include revised ("final") measures of the contemporaneous rate of inflation and the contemporaneous output gap. Accordingly, although this rule with these data could not have been implemented in real time, it gives the ideal against which I will compare alternative attainable real-time rules. Consequently, in order for the results of the paper to be persuasive, it is important to accept the claim that a full-information Taylor rule generates good policy outcomes. This claim is consistent with much of the recent work by both academic economists and central bankers. For example, the Federal Bank of St. Louis plots the implications of the Taylor rule as a policy benchmark in its monthly publication, Monetary Trends. Taylor (1999b) employs an approach similar to the one used here and calls it "historical 'policy mistake' analysis" (p. 336). In his comment on that paper, Richard Clarida states, "Now if, as we have learned from the central bankers present at this conference, the Taylor rule can be and is used as a benchmark for assessing the current stance of actual monetary policies, then certainly it can also be used as part of a framework to interpret monetary history." (Taylor (1999a) , p. 342) A consensus seems to have arisen that Taylor-type Actual policy differs from this idealized rule in two important ways: (1) Policymakers must respond to preliminary real-time, not revised, data. (2) Policymakers cannot observe the contemporaneous (current) values of inflation and output; even preliminary data are only available with lags. So, while policymakers must make interest rate decisions using real-time data subject to error and only measured with lags, the policy goal is to attain, at any point in time, the target federal funds rate path that would result under full information implementation of the ideal rule. Success in achieving the goal can only be evaluated years after the actual event.
The operational real-time Taylor rule is given by
π is the real-time observation on the rate of inflation, R t p is one of the four real-time proxies for the output gap to be discussed below, and R t i is the resulting target value of the federal funds rate using real-time data. The policy error can be expressed as the difference between the ideal outcome for the federal funds rate implied by equation (1) and the real-time outcome implied by equation (1'):
The first term in this error equation is likely to be much less important than the second.
13
Consequently, the principal obstacle to conducting ideal policy is real-time error in the measurement of the output gap.
In view of the inability to accurately observe the contemporary output gap, I consider four alternative real-time proxy candidates for y t which I then use in applying the operational Taylor rule given by equation (1'). Each is a noisy estimate of y t and will yield different counterfactual outcomes for the path of the federal funds rate.
The first noisy proxy candidate for the true but unobserved output gap is the actual real-time estimate of the output gap used by Orphanides and shown in Figure 1 above -the CEA output gap. I denote this real-time estimate of the output gap by ˆt y and the observation error by t η .
Thus, t
t t y y η = + and, substituting the proxy into equation (1'), the actual rule becomes
As illustrated by the second equality, if this rule were followed, the (ex post) policy "mistake" is to increase the federal funds rate by [ ( ) ]
This emerging consensus is discussed in more detail by McCallum (1999) . See also the papers in the Taylor (1999a) conference volume from a broad array of monetary economists and the recent survey paper by Clarida, Gali, and Gertler (1999) . Regarding the approximate optimality of Taylor-type rules, see Rotemberg and Woodford (1999) , Clarida, Gali, and Gertler (1999), and Woodford (2001) . It is also interesting to note the characterization of the Taylor rule in a statement by then Federal Reserve Governor Janet Yellen at the January 1995 meeting of the FOMC: "It seems to me that a reaction function in which the real funds rate changes by roughly equal amounts in response to deviations of inflation from a target of 2 percent and to deviations of actual from potential output describes reasonably well what this committee has done since 1986. … If we wanted a rule, I think the Greenspan Fed has done very well following such a rule, and I think that is what sensible central banks do." 13 That the real-time error associated with inflation is relatively smaller has been demonstrated by Orphanides (2000 Orphanides ( , 2000b . See also Mehra (2002) .
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Consequently, if, as I presume, ( ) R t t β π π − is small, the federal funds rate will be consistently lower than would have been achieved by a Taylor rule applied using the correct output gap.
The second proxy is the real-time estimate of the output gap obtained as the residual from a one-sided linear time trend, also shown in Figure 1 . This real-time estimate of the output gap is constructed as described above using real-time output data available in period t and is denoted by ˆT t y . The observation error is denoted by t ε . Consequently, If this rule were followed, the (ex post) policy "mistake" is to increase the federal funds rate by
β π π γ ε − − more than implied by the full information Taylor rule. The third approach takes the steady state value of the output gap of zero as a first approximation to the true output gap in the face of considerable uncertainty. Thus, the observation error is the true output gap itself, t y . The potential merit of this proxy relative to the previous real-time output gap estimates, especially for the 1970s, is suggested by the results shown in Figure 1 ; the real-time estimates of the output gap frequently fail to even get the sign right. For this proxy, actual policy will respond only to inflation movements since the rule becomes Under Rule C, the policy mistake is that the federal funds rate will be higher than implied by the full information Taylor (1 ) systematically larger than the actual output gap itself, t y . In such a case, it would be less misleading to ignore this measured output gap in real time altogether, as in Rule C, than to follow Rule A.
One way to assess the relative noisiness of each of these proxies is to compute and compare their root mean square errors (RMSEs). In each case, the RMSE is computed by Table 2 . 16 The largest RMSE belongs to the CEA output gap used in Rule A while the smallest RMSE, perhaps surprisingly, belongs to the zero (steady state) estimate of Rule C. This suggests that ignoring real-time information about the output gap may have been a good strategy for policy during the 1970s.
Further insight regarding the relative performance of these alternative proxies can be obtained by comparing implied paths of the federal funds rate over the 1970s under each of the four real-time policy rules discussed above with the actual path of the federal funds rate and the path implied by the Taylor rule using fully revised data. This is undertaken in the next section.
IV. COMPARING ALTERNATIVE RULES
As a baseline for the analysis to follow, Figure 2 shows the actual time path for the federal funds rate over 1969: :2 as well as the time path prescribed by the ideal parameterized Taylor rule using revised data available in 2002. Under the assumption that this full information Taylor rule yields good policy outcomes, these results confirm the consensus view that monetary policy 16 I have also investigated two other approaches in the spirit of Rule B. I have estimated the trend by a rolling linear trend of length 15 years and also by a 15-year one-sided HP filter (even though, as mentioned above, the HP filter had not yet been popularized by the 1970s). The RMSE for the rolling linear trend is 3.14 which is worse that for the linear trend with a constant starting date of 1953:1. Consequently, I will retain the measure in Rule B. The RMSE for the HP filter is 2.02 which is better than any other real time measure of the output gap. However, given doubts that policymakers could have replicated the HP filter in the 1970s before it was popularized in the 1980s, I will not consider this measure in my analysis. If I did, Rule B with the HP filter would have been the best rule using my approach. 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 Actual federal funds rate Federal Funds rate implied by Taylor rule (revised data) was systematically too easy during this decade. The actual federal funds rate was consistently lower than good policy would have suggested. 17 Each of the four rules presented in the previous section replaces the "true" output gap presumed in the ideal Taylor rule with a real-time noisy proxy. In this sense, each is intended to be a real-time approximation to this ideal rule. If any proxy is error free, the corresponding rule collapses to the ideal Taylor rule and the implied path for the federal funds rate will be as in Figure 2 . In what follows, I ask how the time path of the federal funds rate implied by each of the real-time rules introduced in the previous section compares with the actual path of the federal funds rate and the benchmark path implied by the Taylor rule using fully revised data. 18 In each case, the rate of inflation is the real-time counterpart of the estimates used by Taylor: the average over the most recent four quarters using the Croushore and Stark (2001) Using real-time data for both the output gap and the inflation rate, Figure 3 plots the path for the federal funds rate following this rule along with the actual path and the final data Taylor rule path carried over from Figure 2 . Note that, on a point-by-point basis, this rule comes close to replicating the actual behavior of the federal funds rate over this period. 20 This is consistent with the claim made by Orphanides (2002a, p. 118 ) that the "real-time [Taylor] rule yields policy very similar to that actually pursued. Thus, had this policy rule been followed during the 1970s, economic outcomes would likely have been similar to the actual history." This result suggests that, at least during this decade, using the CEA real-time output gap measures would probably not have significantly improved policy performance.
Parameterized Rule B employs the real-time linear trend gap and is given by where the construction of the output gap series has been described above. The implied point-bypoint path for the federal funds rate is compared with the actual and ideal paths in Figure 4 . Given that this proxy is a uniformly better estimate of the actual output gap than the CEA output gap, it is not surprising to see that Rule B does better than Rule A. The Rule B time path for the federal funds rate reflects a policy that is less accommodative than the actual policy for virtually the entire decade although it remains generally more accommodative than the ideal policy. The conclusion, then, is that following a Taylor rule with a linear trend estimate of the output gap 17 Note that if the Fed had followed this idealized rule over the full sample period, the paths for inflation and the output gap would have been different implying different policy outcomes for the federal funds rate. Since I use historical data for inflation and the output gap (or its proxies), the resulting counterfactual paths for the federal funds rate (both here and below) should not be interpreted as time series and thus directly comparable to the actual time series for the federal funds rate. Rather, they must be interpreted on a point-by-point basis: at each date, could the Fed have done better? This is the same approach taken by Taylor (1999b; see his Figures 7.4-7.6 ) and Orphanides (2002a; see his Figure 3 ). 18 Once again, the counterfactual federal funds rate paths are not what would have arisen if the Fed had followed the corresponding rule for the entire period. See the previous footnote. Since each of the counterfactual paths has the same interpretation, however, they can be compared with each other over the entire period under investigation. 19 Recall the Taylor parameterization of equation (1), and, thus, equation (1'): r * = 2.0, π * = 2.0, β = 1.5, γ = 0.5. 20 For the reasons mentioned in footnote 17 above, this does not imply that the Fed followed this rule. 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 Actual federal funds rate Taylor rule (revised data) Rule A (real-time data) 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 Actual federal funds rate Taylor rule (revised data) Rule B (real-time data) would likely have resulted in improved monetary policy over the 1970s but would have generally fallen short of ideal policy.
Next, consider Rule C which uses as proxy for the unobserved output gap its steady state value of zero. This is equivalent to giving a zero weight to any estimate of the output gap. The parameterized Rule C is given by (6) 1.0 1.5
where the rate of inflation is, once again, measured using real time data. The path for the federal funds rate implied by this rule is shown in Figure 5 . The results for Rule C are considerably more encouraging than those for Rule A and comparable to the results for Rule B. We observe that the federal funds rate implied by the rule generally suggests a tighter policy than actually pursued. Indeed over much of the decade, it approximates the outcome from the ideal Taylor rule fairly well. At no point does it imply a policy that is significantly more accommodative than the policy actually pursued. Thus, we conclude that Rule C appears to be slightly better than Rule B and clearly superior to Rule A as well as to actual policy over the decade under investigation. This may seem surprising since Rule C is equivalent to ignoring any real-time information on the output gap; i.e., during the 1970s, real-time information regarding short-run behavior of the output gap appears to have been worse than no information at all. Finally, Rule D employs changes in the rate of inflation as a proxy for the unobserved output gap. Referring to equation (D) above, we see that parameterization requires not only asserting a value for γ , which we take from the Taylor rule to be 0.5, but also the parameter µ from the Phillips curve equation (3). I take the value for µ to be 0.15, the value assumed by Judd and Rudebusch (1998) 21 in their model used to evaluate alternative policy rules. Thus, the parameterized Rule D is given by (7) 1.0 1.5 3.33
where the inflation rate and its change are measured in real time. The implied path for the federal funds rate is reported in Figure 6 . There are three interesting characteristics of the federal funds rate implied by Rule D. First, it is generally less accommodative than the actual federal funds rate path. Second, it fluctuates about the ideal path. These characteristics are encouraging. The third characteristic is less so: the implied path is quite irregular and jagged.
Such irregularity suggests investigating the impact of interest rate smoothing. There is considerable evidence that the Fed does smooth interest rates; see e.g., Levin, Wieland, and Williams (1999), Clarida, Gali, and Gertler (2000) , Sack and Wieland (2000) , and Orphanides (2002a) . 22 To capture interest rate smoothing, begin by rewriting Rule D as
21 See equation (5) in Judd and Rudebusch (1998), p. 11. 22 Rudebusch (2002) offers indirect evidence that apparent policy inertia reflects the persistence of shocks rather than explicit interest rate smoothing, at least over the late 1980s and the 1990s; his sample does not include the 1970s. Mehra (2002) considers this issue and finds stronger evidence of interest rate smoothing over the earlier period. Furthermore, English, Nelson, and Sack (2003) report direct evidence challenging Rudebusch's conclusions over his sample period.
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The results for this smoothed version of Rule D are reported in Figure 7 . The implied path for the federal funds rate looks similar to the path implied by Rule C and shown in Figure 5 . Consequently, it appears that using the real-time change in the rate of inflation as a proxy for the unobserved output gap would have resulted in a policy outcome that is superior to actual policy. Under interest rate smoothing, the implied path is not a bad approximation of the policy suggested by the full-information Taylor rule.
A final assessment of the ability of the alternative paths for the federal funds rate to track the ideal path is obtained by computing root mean square deviations (RMSDs) from the ideal path over 1969: 3-1979: 2. This RMSD is computed by i is the ideal federal funds rate generated by the full information Taylor rule and t i is a placeholder for the actual federal funds rate and the federal funds rates implied by each of the five policy rules under consideration. The results are reported in Table 3 . Several observations are notable. First, given the results of Table 2 , we are not surprised at the relative ranking of Rules A-D. It is interesting to note, however, that the Rule A, using the CEA output gap measure, improves slightly upon actual policy behavior. We also confirm the observation from Figure 7 that smoothing Rule D improves the performance of that rule considerably. We also see that, overall, Rule C comes the closest to fitting the ideal policy rule although only slightly more closely than Rule B. Once again, we arrive at the conclusion that the performance of monetary policy would likely have been much better over the 1970s if the Fed had ignored faulty real-time 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 Actual federal funds rate Taylor . This is the same as Rule C.
V. CONCLUSION
This paper has explored the failure of monetary policy in the 1970s in the U.S. The results support the conclusion that a significant reason for this failure was that the Fed responded to severely misperceived and systematically biased assessments of the state of the economy. It appears in retrospect that real-time perceptions were much more pessimistic than turned out to be true. Consequently, the Fed pursued policy that, though intended to be appropriate, turned out to accommodate inflation. In view of the inability of the Fed to accurately observe the output gap in real time, this paper has proffered four alternative proxies for the output gap that could have been observed in real time. Two of these proxies are real-time estimates of the output gap. The first of these is taken from estimates produced by the Council of Economic Advisors. The second is based on a real-time linear time trend. A third proxy takes the steady state output gap value of zero as a first approximation to its true value at any point in time. The fourth proxy exploits the Phillips curve relationship and posits the real-time measure of the change in the rate of inflation as a possible indicator of movements in the true output gap.
Each of these real-time proxies was implemented using the Taylor rule to generate counterfactual (point-by-point) paths for the federal funds rate over the 1970s. These paths were compared to the actual historical path of the federal funds rate which reflects failed policy and to the counterfactual path implied by an ideal full-information Taylor rule. While each of these real-time proxies generated better outcomes than actually occurred, there were important differences. The improvement was only slight when the real-time CEA output gap estimates were used. The other three real-time output gap measures offered considerable improvement. Perhaps the most surprising result is that the best outcome is obtained by the third proxy which assumes an output gap of zero. Thus, the results suggest that the Fed could have done much better if it had avoided considering real-time direct estimates of the output gap and only responded to movements in the observed rate of inflation.
I have focused on the decade of the 1970s because of the particularly high level of uncertainty regarding the behavior of potential output and thus the output gap during that period. But, the results reported here may be valuable when considering other eras of increased uncertainty regarding the behavior of potential output such as occurred in the U.S. in the late 1990s. Casual empiricism suggests that during this period, the Federal Reserve attenuated its policy response to real-time estimates of an increasing output gap in the face of uncertainty about the growth rate of potential output. Investigation of these issues is the subject of research in progress.
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